In this case the transplant stock proved to be far less resistant to atmospheric drought than either of the two classes of seedlings. In this case the transplant stock proved to be far less resistant to atmospheric drought than either of the two classes of seedlings.
HARDY L. SHIRLEY LAKE STATES FOREST EXPERIMENT STATION
tinuously until all the plants are dead. The length of time each plant survives is used as a criterion of drought resistance, together with the moisture content of the soil at death. Ordinarily only a few plants remain alive until they have exhausted the soil moisture to critical values. A description of a sample run follows. The plants tested were white spruce, Picea canadensis, of three different classes, viz.: 2-0 (two-year old seedlings), 3-0 (three-year old seedlings) and 2-1 (three-year old trees which have had two years in the seed-bed and one year in the transplant bed). Ten plants of each class were used. The temperatures averaged 38 degrees C. and the relative humidity about 10 per cent. The soil moisture at death was above 14 per cent. for all pots. The results are shown in Table 1 . 
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IN the last four years I have carried on an experimental investigation of the processes of the struggle for existence among unicellular organisms. Experiments on the competition between two species for a common place in the microcosm agreed completely with Volterra's theoretical equations, but as regards the processes of one species devouring another our results are not concordant with the forecasts of the mathematical theory. All this extensive experimental material is described in my book on "The Struggle for Existence," which is now ready for publication.
EXPERIMENTAL ANALYSIS OF VITO VOL-TERRA'S MATHEMATICAL THEORY OF THE STRUGGLE FOR EXISTENCE
Since, however, this book will appear only after some time, I am taking the liberty of communicating here briefly the main results of our investigations.
The competition between two species for a common place in the microcosm may be either (1) a competition for a certain fixed and limited amount of energy, or (2) a competition for a source of energy kept continually at a certain level. In order to investigate the first of these problems experiments were made with two species of yeast cells producing alcoholic fermentation: Saccharomyces cerevisiae and Schizosaccharomyces kephir. If we calculate the coefficients of multiplication in these species, and if by studying the factor which limits their growth (alcohol produeSince, however, this book will appear only after some time, I am taking the liberty of communicating here briefly the main results of our investigations.
The competition between two species for a common place in the microcosm may be either (1) a competition for a certain fixed and limited amount of energy, or (2) a competition for a source of energy kept continually at a certain level. In order to investigate the first of these problems experiments were made with two species of yeast cells producing alcoholic fermentation: Saccharomyces cerevisiae and Schizosaccharomyces kephir. If we calculate the coefficients of multiplication in these species, and if by studying the factor which limits their growth (alcohol produe-tion) we evaluate the coefficients of the struggle for existence (alcohol production per unit of yeast volume), and if we then correlate these parameters in the form of an equation of the struggle for existence given for the first tiine by Vito Volterra (1926) and slightly modified by GOause (1932), we shall obtain an agreement in general features with the observed growth of a mixed population.1 Further experiments confirmed this conclusion and showed also that under slightly different conditions (a greater content of oxygen in the nutritive medium) the complicating effect of the by-products of fermentation decreases, and the forecasts of the theory coincide entirely with the values oibserved. In all these experiments we had to deal with the distribution of a certain fixed and limited amount of energy between two populations.
In order to investigate the competition between species for a source of energy kept at a certain level experiments were made with various protozoa, and very clear and convincing results were obtained for Paramecium caudatum and Paramecium aurelia. These infusoria were cultivated in a buffered balanced Osterhout's salt solution (pH=8.0), in which a suspension was made of Bacillus pyocyaneus (of fixed density). It has been found that bacteria do not multiply under these conditions.2 Every day infusoria were centrifuged, the nutritive medium changed, and every other day the microcosms underwent a cleansing process with a salt solution. Specially arranged experiments showed that the deficiency of food was the only limiting factor in these cases. We had under such conditions (a) a competition of P. caudatum with P. aurelia for the still unutilized food resources, but after the source of energy had been altogether taken hold of, we had (b) a redistribution of energy between two components which always resulted in a complete driving out of P. caudatum by P. aurelia (Fig. 1) . All this agrees with the mathematical theory. The corresponding equations are somewhat complicated, because the coefficients of the struggle for existence vary with time: one species may be favorable for the growth of another at the beginning of the experiment, and the depression of one species by another will only begin later on.
The destruction of one species by another has been studied with Paramecium caudatum being devoured by another infusoria, Didinium nasutum. Experiments showed that this biological system presents no oscillations in the numbers of individuals peculiar to itself, and that in spite of abundant food for Paramecium the latter are completely destroyed by predators which perish in their turn later on. However, oscillations appear if we admit a controlled and simultaneous immigration of predators and prey into the 1 Gause, Jour. Exp. Biol., 9, p. 389. In order to investigate the competition between species for a source of energy kept at a certain level experiments were made with various protozoa, and very clear and convincing results were obtained for Paramecium caudatum and Paramecium aurelia. These infusoria were cultivated in a buffered balanced Osterhout's salt solution (pH=8.0), in which a suspension was made of Bacillus pyocyaneus (of fixed density). It has been found that bacteria do not multiply under these conditions.2 Every day infusoria were centrifuged, the nutritive medium changed, and every other day the microcosms underwent a cleansing process with a salt solution. Specially arranged experiments showed that the deficiency of food was the only limiting factor in these cases. We had under such conditions (a) a competition of P. caudatum with P. aurelia for the still unutilized food resources, but after the source of energy had been altogether taken hold of, we had (b) a redistribution of energy between two components which always resulted in a complete driving out of P. caudatum by P. aurelia (Fig. 1) . All this agrees with the mathematical theory. The corresponding equations are somewhat complicated, because the coefficients of the struggle for existence vary with time: one species may be favorable for the growth of another at the beginning of the experiment, and the depression of one species by another will only begin later on.
The destruction of one species by another has been studied with Paramecium caudatum being devoured by another infusoria, Didinium nasutum. Experiments showed that this biological system presents no oscillations in the numbers of individuals peculiar to itself, and that in spite of abundant food for Paramecium the latter are completely destroyed by predators which perish in their turn later on. However, oscillations appear if we admit a controlled and simultaneous immigration of predators and prey into the 1 Gause, Jour. Exp. Biol., 9, p. 389. 2 Johnson, Physiol. Zool., 6, p. 22. D9ay  FIG. 1 microcosm. Therefore, it is not the interaction itself,, as would be expected from the mathematical theory developed by Lotka (1920) and by Volterra (1926), but the constant interference from without that leads to the oscillation in numbers. The corresponding equation of the struggle for existence has no periodic solution. This is owing to the particular biological adaptations of our predators, which have not been foreseen in the theoretical equations. In our experiments an analysis was made of the role of cover or refuge for the prey in the processes of the struggle for existence. This showed that when the number of individuals becomes reduced, and the conditions in the microcosm complicated, instead of the "deterministic" processes subject to differential equations we are confronted with "probabilities of change" in one direction or another. The corresponding material will be found in the above-mentioned book.
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